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Curvature Dependent Reactivity
of Fullerenes and Nanotubes
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Curvature Dependent Reactivity

Example: Hydrogeaation of Fullerenes and Nanotubes

-1.54 eV -450ey

External Surface : Nucleophilic
Internal Surface : Electrophilic

Chemical reactivity is a function of the curvuture of fullerene.
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Depedence on PyramidalizationAngle ?

The Chemical Reactivity of Fullerene 4—— The pyramidalization.

Three Examples of Surfaces

Pyramidalization — Between sp? and sp®
Between sp? and sp® n orbital
— Less Energy
needed than sp?
sp® o
Pyramidal angle (6,) = 8, - 2 a
o] o]
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Graphite {0.00) C.(0.22)
(16,0} Nanotube (0.09)
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Example: Reaction on Surfaces

External Chemical Reaction on Fullerene

o Hydrogenation of graphene sheet and Fullerenes o  Total reaction energy
1. Straining the bonds. (+AE) ] Strain Energy
H on Graphite 5 ; onC 2. Breaking % bonds. (+ AE)
- Binding Energy
E=—4.50eV E=-3.18eV 3. Reacting with external reactant (X)
9' = 12.95° (0.226) 9, = 20.56" (0.359) in given structure. (- 4E)
6,=0.0°(0.0) 8,="7(0.22) 4. Globa) relaxations (- AE) 4— Temporally ignored
*  Chemical reactivity difference  #  Strain energy difference ? b4
1 2 )\ 3 s
— — -
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Strain Energy Contribution to Reaction Need a new title for this slide
¢  Fix all the carbon atoms, pull only one carbon up and cakulate the @  The relation with the pyramidal angle (6,)
energy difference ’
By cmm e e |7} =v2tn@, |s)+ J1-21an’@,)| p}
1. Elastic Strain Energy
;"‘ Graphis N 2. Independent of .. .
: aNanctude A/ External Reactant ¢  Binding energy with external reactant X
-y PN . z . -
H Cadad v ) vy =200, E, + 1-26n°0,) E,, + E,prray 6,
i 3. @, shift
3 ; ;), where E,, = <X|H|s> and E,, = <X|Hp>
& . :
)l R a5 4. 8, increase = stiffer
00 91 62 03 O 0% a5 o7
Pyamidal AM': e ’ @ E, and E,, depends only on external reactant X.
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Binding Energy Dependence on Pyramidal Angle

Total Reaction Energy Estimation

°

Hydrogen is used as the point probe.

(1) o2 o4 os LE)
o 1. E =-53eV
E =-1T1eV
a
2. AE

w bevaking
0.1eV~-03eV
3. Independent of 6,

4. Almost linear in
small §,

@  Total reaction energy = Minimum (strain energy + binding energy)
o  Small Errors (~ 0.1 eV) from ignoring global relaxation

Formation Energy Comparison with Full Relaxation Results

Pyramidsl Angle (8) Toul Reaction Esergy (eV)

Initia) Valve | Estimated Vatue | Foll Relxation | Estimated Vaie | Fol i
Graphite | 0.000 022 0126 150 183
Nanowbe | 0091 0291 0292 229 239
Cw 0.202 0373 03% 307 308

o) The forces arc retaxed up 10 the first searest neighbors
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External Chemical Reactivity (Conclusions?)

Internal Reaction

Strain Energy curve shift 8,
8, (initial pyramidal angle)
Binding Energy curve shift <~ 0.3 eV

Binding Energy curve ~ almost linear

8, = 6, + 8, - 5 (stiffness change)

Total reaction energy changing by 8,
Strain energy effect <0.1 eV
Binding energy effect ~ 6, eV

@  Less Reactive than External Reaction €— Less Electron Density

©  Total reaction energy
1. Straining the bonds. (+ AE)

2B .
reaking % bonds. (+ AF) Same as External

3. Reacting with external reactant (X) Chemical Reaction

in given structure. (- AE)
4. Global relaxations (- AE)

5. Weak bonds with neighbor
carbon atoms. (- AE)

Difference from
External Reaction
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Cysand Cg,

Top Hexsgon
B1(1.414)

H@ Cyand H @ C,

H on Carbon B

Formation

Initial 8, |Final 6, Energy

Cl 7285 | 7521 -1.28
C2 7395 | 1787 -1.54

C
& B3 (1.44) I c3 [ 1719 [ 8153} -140 |
1
B4 (1.434) Center 046
‘Wal) Hexagon c Carbon | 7837 | 8535 -1.23
B2 (1.49A) | Center -0.43
(5,6) Bond H at the center
Nov. § 2000 MSL Sanfind & NASA Aues 1320 Nov 5. 2000 MSL Stanford & NASA Asres 10
P@CyandP@Cg Internal Chemical Reactivity
Wall H
Formation Energy all Hexagon
Top Hexagon 027 The portion of X state decreases (+ AE)
Pentagon on ®  As 6§, increases n bond breaking energy decreases (- AE)
C,, | Wall Hexagon -0.89
Bond 4 0.80 't Global Interaction increases (- AE)
LS
Carbon 3 -0.85
(6.6) Bond -0.81 ©  Two negative effect and one positive effect combined.
C
" Center -0.99 asem—p  Hard to estimate reaction energy
@  The other sites are unstable. Top Hexagon
Nov § M ML Sanford & NASA Aues 15720 Nov 2000 ML Strdond & NASA Anee 120




Quantum Computer

can be d by P stoos in bulk Si [1).

A-Gate

"'P atom

Problems ] NP @ Bucky Onion

& Remaining Placing of a *'Patom
DifTusion of a *!P atom

Pussible self-ordering
@ P @ Bucky Onlon
Preventing diffusion of P

1. Kune, B.E, Natwre, 393, p.133 (1998)
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P @ the Center of Cg,

900 LX) 100 150 10

250 ©  Full Relaxation

on @  Binding Energy
3:0 w A Center  :-0.99eV
g / N A (6,6) Bond : -0.81 eV
Zon Y
H TES
i ¢  Diffusion Barrier

o

Center = Bond

/ 033 eV

Distance wam ine Contet (A}
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H @ CyyDs

¢  No meta-stable site and Diffusion Barrier = 1.17 eV

3 o-Caven

z, Bond
‘! Pentagon

-

21 -
3

i

- T

ODistance irom Wa Conler ()
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Conclusions

@  The external reaction energy is determined by a competition of
strain energy and binding energy.

@  We can estimate external reaction energy up to 0.1 eV error, which
from global relaxation.

9  External Chemical Reactivity is enhanced by binding energy
difference due to initial pyramidal angle.

@  Inner Chemical Reactivity is enhanced by Global Interactions.

@  Possible candid. for Qn Comp
P@C,ad'H@ C,D,
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Future Work

We are going to test more examples on external chemical reactivity.

We will continue to work on the reactivity of the multi-bonds
reactions and non-covalent bond reactions.

We need more systematic study on internal chemical reactivity.

Since we found the way to encapsuiate P and H, we will work on
self-ordering of endo-fullerene for quant P pplicati

As an h didate for q P » we are looking into
compressed bucky onion, which has diamond core structure.
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